Abstract. The society of the information is based on the ability of humans to commu nicate in real time. This is possible thanks to the emission of electromagnetic waves. In this work it is discussed, by analyzing the round trip time (RTT) parameter, if it is possible to expand the society of the information out of the Earth. The results show that the value of the speed of light limits this expansion. Real time applications, such as videogaming, remote surgery, or voice conversations, are only possible on Earth and its proximities, which indicates that there could be a relation between real time telecommunications on Earth and the anthropic principle.
Introduction
Human beings communicate with each other in two different ways. The first way is the same used by other animals: the emission of sound waves.
However, sound waves emitted by a human being typically propagate no more than a few tens of meters if there are no special conditions like echoes in the mountains. The use of a microphone could solve this issue, but nobody can imagine a conversation between two persons, one of each with a microphone, separated more than one hundred meters. This makes no sense because, in addition, all other people in the perimeter would hear the conversation and probably they are not interested in it. If this method was extended to many conversations in the same town, life would become a complete chaos with many conversations that are heard by every people.
Nature is designed in terms of sound wave communication for another purpose, for communicating people at short distances without being all the people in the surroundings affected by these conversations; in other words, for face to face social relations.
However, sometimes we do not have the opportunity to see the person we want to talk to. Many centuries ago this was a big limitation. Somebody travelled abroad and the only way to communicate was by letter, with a delay of the order of days, or even months. The human being improved this technology a lot in terms of guarantee of delivery. For example, it is amazing how the Spanish king could manage to send orders to viceroys in America, though the missive took a very long time to arrive at its destination.
The famous book of Jules Verne, "The Courier of the Czar", was also based on the concept of sending information surely and efficiently, but with the limitation of a very long delay.
There existed alternatives, such as smoke signals or flags. However, though faster than a letter, they were very inefficient in terms of the amount of information that could be transmitted. An important improvement was made in 1791 by Claude Chappe, the inventor of the optical telegraph, a system which consisted in a network of stations that allowed the transmission of information at a speed of 1 symbol every two minutes between Paris and Lille (i.e. 230 km) (Dilhac 2001) . Each station monitored, with the aid of a telescope, the character that was represented with a wooden semaphore in the previous station. However, the system depended on weather conditions (the presence of rain or fog disturbed the communication) and obviously it did not work during the night.
The previous issues were solved in the nineteenth century, thanks to one of the most important milestones in the history of science and technology:
the implementation of the first electric telegraph. 
overcome this issue by designing machines that can emit electromagnetic signals. Moreover, unlike for the case of electromagnetic signals emitted by animals, the human being has fabricated equipment that regenerates the signal when after some distance it is attenuated. In this way, electromagnetic signals can be transmitted at distances of thousands of kilometers. There are two types of machines that allow regenerating the signal: amplifiers and repeaters, which present some differences but which in general are focused on allowing the electromagnetic signal being propagated through hundreds of kilometers up to a limit that all points at the earth surface can be interconnected. This is one of the greatest milestones in the history of science.
However, one question arises. Why have we focused on electromagnetic waves, which we cannot emit with our body, and not on sound waves, towards the construction of the information society?
1. The round trip time: the parameter that defines the quality of communications 
where t p is the propagation time, v p is the velocity of propagation and d is the distance between the emitter and the receiver.
If we consider that the speed of sound in air is approximately 340 m/s, we will easily deduct that it takes circa three seconds to transmit a voice signal between an sender and a receiver that are separated 1 km from each other.
Three seconds is a huge amount of time in a world where communications are nearly instantaneous, and this delay is only for 1 km. If the distance was 1000 km it would take 3000 seconds, nearly one hour to transmit the signal.
This explains why sound waves are not used for global communications.
Oppositely, electromagnetic waves propagate at velocities of about 3×10 8 m/s, which allows communicating nearly immediately between any two points of the earth. This justifies the success of this type of communication.
However, in order to have a better knowledge of both sound wave and electromagnetic wave based communications it is necessary to define some more basic concepts.
There is a parameter that gives a better knowledge on the quality of communications: the round trip time (RTT). The RTT, also called ping time,
is usually employed as a parameter that indicates the quality of a communication and it is closely related to the propagation delay. It is basically the time it takes a sender to transmit a signal and receive an answer for the receiver. This can be shown schematically in Fig. 1 .
The RTT can be obtained with this equation:
The processing delay is the time the sender and receiver spend in processing data, whereas the packet delivery time is:
here tp is the propagation time, vp is the velocity of propagation and d is the distance between the mitter and the receiver.
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The propagation delay was explained above, whereas the transmission time is:
where the bit rate is the number of bits per second transmitted by the sender
Obtaining the RTT seems to be a complex calculation after all these equations, but it can be greatly simplified if the propagation delay is much higher than the processing delay (by improving the processing speed) and the transmission time (by improving the bit rate). In such situations, equation (2) can expressed as: 
Obtaining the RTT seems to be a complex calculation after all these equations, but it can be greatly simplified if the propagation delay is much higher than the processing delay (by improving the processing speed) and the transmission time (by improving the bit rate). In such situations, equation
(2) can expressed as:
or in terms of distance d and velocity of propagation vp: 
The limits of sound and electromagnetic wave based communications
Considering that the speed of sound is 340 m/s, and that the RTT should not exceed 200 ms, from expression (6) we can obtain:
mplified if the propagation delay is much higher than the processing delay (by improving the rocessing speed) and the transmission time (by improving the bit rate). In such situations, equation From the previous expression it can be concluded that the distance for a conversation between o persons should not exceed 34 meters. Normal conversations do not exceed this distance because, the other hand, for such a long distance one needs to shout, and even though amplifiers could be
From the previous expression it can be concluded that the distance for a conversation between two persons should not exceed 34 meters. Normal conversations do not exceed this distance because, on the other hand, for such a long distance one needs to shout, and even though amplifiers could be used, it would become a complete chaos because all people would hear all conversations and would be disturbed, as stated in the introduction. But even if we could face this problem, the basic difficulty is that the velocity of propagation is very low and real time communication is only possible at a very short distance of tens of meters.
Regarding electromagnetic signals, they can be propagated nowadays through both guided and wireless media. It is well known that the velocity of propagation in vacuum is 3×10 8 m/s. However, this value is reduced when transmission is done through matter, due to absorption and reemission of the wave energy by the atoms of the material. That is why engineers use a parameter that is called velocity factor, which is the percentage of the maximum velocity of propagation that is achieved. As an example, the velocity of propagation is 2.1×10 8 m/s in a communication medium that has a velocity factor of 0.7. This reduction can be calculated in different ways depending on the medium of propagation. As an example, for optical fiber the velocity of propagation is:
where c is the speed of light in vacuum, 3×10 8 m/s, and n is the refractive index of the transmission medium. In view that silica is the most typical medium used for optical communications, and that it has a refractive index whose value is approximately 1.45, that is why engineers accept that the velocity of propagation in fiber is 2×10 8 m/s (Santos et al. 2012) . The other typical guided medium (used in many Ethernet networks) is copper. For this medium the calculation of the velocity of propagation is different because it depends rather on the permittivity copper and the insulator. However, the velocity factor achieved is similar for optimized cables. Consequently, engineers accept that the velocity in copper is approximately 2×10 8 m/s
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here c is the speed of light in vacuum, 3×10 8 m/s, and n is the refractive index of the transmission edium. In view that silica is the most typical medium used for optical communications, and that it as a refractive index whose value is approximately 1.45, that is why engineers accept that the elocity of propagation in fiber is 2×10 8 m/s (Santos et al. 2012) . The other typical guided medium used in many Ethernet networks) is copper. For this medium the calculation of the velocity of ropagation is different because it depends rather on the permittivity copper and the insulator.
owever, the velocity factor achieved is similar for optimized cables. Consequently, engineers ccept that the velocity in copper is approximately 2×10 8 m/s (Schalk et al. 2017) . Regarding ireless networks, air refractive index is very similar to vacuum refractive index. As a result, 3×10 (Schalk et al. 2017) . Regarding wireless networks, air refractive index is very similar to vacuum refractive index. As a result, 3×10 8 m/s is assumed (Su et al. 2005; Gajjar et al. 2014) .
It is true that wireless is used for satellite communications, but its usage is not as widely extended as terrestrial communications. One well-known application is satellite television, where geostationary satellites located at approximately 36,000 km cover the same regions of the Earth and in this way end users just need to orient their parabolic antennas to the right position in order to receive the signal. However, the distance from the base station on
Earth to the receiver is 2×36,000=72,000 km. This distance is nearly double than the separation between the two farthest points on Earth, which causes a delay in the reception of the television signal (Iera, Molinaro, and Marano 2002) . This delay is acceptable for this application but the idea could not be Nonetheless, though satellite communications have been improved a lot, terrestrial communications have the advantage of a shorter distance when interconnecting any two points in the global surface, something that has been possible thanks to optical fiber, which especially in long distance communications has no competitor. So only in some exceptional cases, such as planes or remote and small islands, there is a need for satellite communications, whereas in the rest of cases the optical fiber network can be extended to the end user with the aid of a short distance wireless
connection. Regarding copper, its utilization is being reduced to the local area networks in offices or buildings, and its usage is decaying.
In order to understand the importance of optical fiber in communications, it must be highlighted that it is the only transmission medium used for transoceanic communications: more than 420 undersea optical telecommunications covered a distance of over 1.1 million km in the year 2017, a network whose length is increasing year after year (Hartog and Clare 2018) . That is why for the sake of simplicity the next calculations will be performed on the basis that the communication medium is optical fiber, with a propagation velocity of 2×10 8 m/s.
Reconsidering expression (6), we will do the same calculation of expression 7 but for a propagation velocity of 2×10 8 m/s.
In this occasion the distance is not 34 meters but 20,000 km. This indicates that the two farthest points we can have in a conversation on Earth is 20,000 km, and precisely this is the farthest separation between any two points on the surface the Earth (because the circumference of the Earth is 40,000 km).
The speed of propagation of electromagnetic waves is exactly adequate for being able to converse in a fluid way among all the inhabitants of the Earth and it is not adequate, for example, for the Moon (the distance is 384,000 km, much higher than the limit of 20,000 km) and much less for Mars, since the distance is even higher than the distance from the Earth to the Moon.
It is evident that for the calculation of the RTT there are important additional factors such as the processing delay and the transmission time, indicated in expressions (2) and (3), but these values can be reduced by adequate processing to such a point that the key limiting factor is the propagation delay, which basically depends on the propagation velocity of electromagnetic waves and cannot be modified.
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Two main conclusions can be extracted from the previous calculations. The first one is that if he speed of light was lower it would not be possible to communicate any two points on the earth ithout running risk that RTT exceeds 200 ms. In other words, worldwide real time communication ould not be possible. The information society, which depends on this factor, would collapse. As an Earth and Mars is changing due to the orbit) (Lester and Thronson 2011) .
Only in the case of Earth-Moon communication the minimum RTT is 2.6
seconds (Love and Reagan 2013; Lester and Thronson 2011) . In view of this
issue, engineers focus on how to handle communications in conditions of high latency and also of low bandwidth, those that will be present in the exploration of planets in our solar system (Beaton et al. 2017; Chappell et al. 2016) . They assume this problem and try to optimize non-real time communications in the best conditions possible (Lester and Thronson 2011) .
However, in addition to the technological implications of the fact that the speed of light limits real time applications to the spherical surface or the proximities of the Earth, a philosophical reflection can be made. Global real time communications are only possible in planets not bigger than the Earth, and in addition it is necessary an intelligent animal like the human being, which artificially controls the amplification and propagation of electromagnetic signals (animals can emit electromagnetic signals but it must be pointed out that the best medium of transmission, optical fiber, needs amplification typically every 10 km). Some people will say that this just a coincidence, whereas others may relate this with the anthropic principle, which asserts that existence of intelligent observers determines the fundamental structure of the Universe (Barrow 1986 ).
Discussion and conclusion
The quality of a communication system depends on the round trip time (RTT), which is the time it takes a sender to transmit a signal and receive an answer for the receiver.
It is generally accepted that a maximum RTT of 200 ms is adequate for most real time telecommunication applications, and it has been observed that this value is precisely the RTT obtained when connecting the two farthest points on the Earth surface. As a result, it is possible to interconnect any two points on the Earth's surface without exceeding the RTT that is adequate for real time applications. However, only moving up to the closest celestial object, the Moon, allows realizing that the RTT increases to 2,600 ms, a value inacceptable for many of the applications we use in our society of the information. For Mars, our closest planet along with Venus, the RTT increases to minutes, a value that continues to grow for Jupiter, Saturn, Uranus and Neptune. Moreover, if the closest star, Proxima Centauri, had a planet, the RTT would be 2×4.2=8.4 years, because it is separated from our solar system by 4.2 light-years (i.e. the time it takes light to propagate from the Earth to this star).
All this indicates that telecommunications become more difficult in terms of latency as we separate from our planet. Real time telecommunications and, hence, the society of information, is only possible in planets whose diameter is not bigger than the diameter of the Earth, and only an intelligent animal like the human being, capable of controlling the propagation of electromagnetic signals, can benefit from this technology. This paradoxical coincidence opens the path for philosophical questions. One of them is why the evolution of the human being, in terms of time of reaction to events, has converged with the development of the society of the infor- A second philosophical question is about the sense of colonizing planets when it is not possible to communicate with them in real time. Will we be able in the future to communicate with each other exceeding the speed of light? Probably the reader of this article will propose other questions that may emerge from the paradoxical coincidence presented in this work.
